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A B S T R A C T  
Background: Tuberculous meningitis (TBM) is difficult to diagnose in early stages due to nonspecific symptoms. There should be 
high index of suspicion to diagnose TBM at an early stage. The objective of the study was to find out the role of magnetic resonance 
imaging (MRI) and spinal tap in early diagnosis of tuberculous meningitis. 
Material and Methods: A cross sectional study was conducted from July 2015 till July 2018 at Neuromedicine ward, Jinnah 
Postgraduate Medical Centre (JPMC), Karachi. All patients above 12 year of age, both male and female with nonspecific symptoms 
like headache, malaise and drowsiness or suspicion of TBM (stage I, II, and III according to British Medical Research Council TBM 
staging criteria) were included in the study. Patients diagnosed with other CNS disease like encephalitis, malaria and acute bacterial 
meningitis were excluded. Magnetic Resonance Imaging (MRI) of the brain and early spinal tap for cerebrospinal fluid (CSF) analysis 
were used to diagnose TBM and findings were noted. Results of MRI and CSF analysis were analyzed by SPSS version 24. 
Results: A total of 110 patients of TBM, with 60 (54.5%) male and 50 (45.5%) female patients were included in the study. Most of 
the patients belonged to a younger age group of 12-40 years (81.8%), while 18.2% were above 40 years of age. About 90% patients 
were diagnosed in stage I TBM and 10% in stage II and III. MRI brain findings included meningeal enhancement (60%), 
hydrocephalus (41.81%) cerebral edema (82.73%), tuberculoma (19%) and infarct (14.5%), respectively. CSF analysis showed low 
protein in 80%, low glucose in 91.8% and lymphocytic pleocytosis in 97.2%, respectively. 
Conclusion: Both MRI brain and spinal tap with CSF analysis played a role in the early diagnosis of TBM, which is important to 
prevent the lethal complications associated with late diagnosis of this disease. 
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I n t r o d u c t i o n  
 
Tuberculous meningitis (TBM) is difficult to diagnose in 
early stages due to nonspecific symptoms. There should 
be a high index of suspicion to diagnose TBM at an early 
stage. History of BCG vaccination does not rule out TBM. 
In stage I, TBM patients can usually present with 
nonspecific symptoms like fever, headache, drowsiness, 
confusion, malaise and fatigue.1 Duration of symptoms 
may be from days to many months. Patients sometimes 
present with visual symptoms and wrong diagnosis can 
be made. TBM patients can also present with monoplegia, 
hemiplegia, aphasia, tetraplegia, cranial nerve palsies in 
stage II disease and with coma in stage III 
disease1.Definitive diagnosis of TBM can be made by 
finding tubercle bacilli in CSF by culture.1 Large volume 
(10ml) is required to find tubercle bacilli in culture 
especially in ventricular fluid. PCR is 98% specific for 
diagnosis of TBM performed on CSF.1 Tuberculin skin 
test is not specific or sensitive for diagnosis of active 
TBM.  Patients with TBM should be preferably evaluated 
with contrast enhanced CT imaging and it can diagnose 
early TBM and hydrocephalus due to TBM. Choroid 
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plexuses enhancement with ventricular enlargement is 
suggestive of diagnosis of TBM.2  
 
MRI reveals diffuse thick meningeal enhancement. 
Cerebral infarct can also be seen in MRI brain. Basal 
enhancement hydrocephalus and infarction are diagnostic 
for TBM.3 Contrast enhanced MRI is generally considered 
best diagnostic test for TBM. TBM is usually secondary to 
pulmonary TB so chest X-Ray is also important for 
diagnosis of TBM. Serial transcranial Doppler ultra-
sonography with blood flow velocity and pulsatility index 
measurement can be used to find out the prognosis of 
TBM and to find out the infarct resulting in permanent 
neurological deficit or death.4  
 
The rationale of this study was early diagnosis of 
tuberculous meningitis to prevent complications 
associated with late stage disease. By avoiding early use 
of MRI and spinal tap, we can delay the diagnosis of TBM 
which leads to increase in mortality and morbidity, when 
infarct and hydrocephalus develops. So even with mild 
symptoms, MRI and early spinal tap can detect the TBM 
in stage I. Therefore, the present study was conducted to 
find out the role of MRI and spinal tap in diagnosing early 
stage TBM 
 
M a t e r i a l  a n d  M e t h o d s  
This was a cross sectional observational study conducted 
at Neuromedicine ward, Jinnah Postgraduate Medical 
Center (JPMC) Karachi, from July 2015 to July 2018. 
Patients with a clinical suspicion of TBM, of both gender 
(male and female) and above 12 years of age were 
included. Patients presenting with fever, headache, 
drowsiness, confusion, malaise, myalgia, fatigue, visual 
loss, coma and atypical symptoms like monoplegia, 
tetraplegia, hemiplegia neck stiffness, afebrile fits or 
cranial nerve palsy were investigated for TBM.  
 
Patients diagnosed with other diseases of CNS like 
encephalitis bacterial meningitis, viral meningitis, 
subarachnoid hemorrhage and cerebral malaria were 
excluded. TBM Patients with nonspecific symptoms like 
fever, headache and vomiting were classified as stage I 
TBM, those presenting with altered consciousness as 
stage II TBM and patients with coma were classified in 
stage III TBM, according to the criteria of TBM severity 
outlined by British Medical Research Councill.2 BCG 
vaccination history was taken if family history of 
tuberculosis was found positive, and suspicion of TBM 
was made even with mild nonspecific symptoms. 
Laboratory investigation like CBC, urea, creatinine, 
random blood sugar, liver function tests and specific 
investigations like Mantoux test and X-Ray chest were 
carried out. Fundoscopy was also done. Spinal tap was 
done and CSF analysis with AFB staining and culture was 
performed. MRI brain was carried out in all equivocal 
patients to diagnose the TBM in stage I. MRI findings like 
meningeal enhancement, hydrocephalus, cerebral 
edema, tuberculoma and infarct were noted. CSF findings 
like raised proteins, low glucose and lymphocytic 
pleocytosis were also recorded.  Data was analyzed using 
SPSS version 24. 
 
R e s u l t s  
A total of 110 patients of TBM above 12 years of age with 
60 (54.5%) males and 50 (45.5%) females were included 
in the study. Most of the patients (n=99; 90%) presented 
in stage I, while the remaining (n=11; 10%) were stage II 
and/or stage III patients. About 90 (81.86%) patients were 
between 12-40 years of age and 20 (19.19%) patients 
were above 40 years of age. Complications included 
death due to TBM in 11 patients (10%) and 
hydrocephalus, cranial nerve palsies, hyponatremia in 33 
patients (30%). Other TBM patients (n=66; 60%) 
recovered uneventfully. About 33 patients (30%) were 
diagnosed with associated pulmonary tuberculosis, and 
44 (40%) with associated TB abdomen and TB lymph 
node. MRI findings were significant even in patients with 
nonspecific symptoms like basilar meningeal 
enhancement. MRI and CSF findings are given in Tables I 
and II, respectively.  
 
Table: I MRI findings in TBM patients 
MRI brain findings No. of patients 
(n=110) 
Percentage 
Meningeal enhancement 66 60 
Hydrocephalus 46 41.8 
Cerebral edema 91 82.7 
Tuberculoma 21 19 
Infarct 16 14.5 
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Table: II CSF findings in TBM patients 
CSF Findings No. of patients 
(n=110) 
Percentage 
Raised protein 88 80 
Low glucose 101 91.8 
Lymphocytic pleocytosis 107 97.2 
 
Almost all the patients except one (n=109; 99.09%) had 
MRI findings suggestive of TBM with further confirmation 
on CSF analysis. 
 
 
D i s c u s s i o n  
TBM patient can present with early or late symptoms. 
Early diagnosis of the condition is important to prevent 
death or disability. In stage I of TBM, patients usually 
presented with non-specific symptoms like headache, 
vomiting, fever, myalgia and lethargy. In stage II of TBM, 
patients presented with altered level of consciousness 
and focal deficits, while in stage III of TBM, patients with 
coma and focal neurological deficit were included. To 
prevent brain infarction or hydrocephalus which leads to 
death or disability, it is important that early MRI should be 
done to diagnose TBM, so that anti-tubercular treatment 
(ATT) can be started in initial stages of TBM. Early lumbar 
puncture for CSF analysis and MRI brain should be done 
for diagnosis of TBM. 
 
MRI brain shows diffuse basilar meningeal enhancement 
and cerebral infarct can be seen in 30% of TBM patients.5 
A study conducted in South Africa reported that 
combination of basilar enhancement, hydrocephalus and 
infarction was 100% specific and 41% sensitive for 
diagnosis of TBM.6 In this study, meningeal enhancement 
was present in 60%, tuberculomas in 19%, while infarct 
was found only in 14.5% of TBM patients. Tuberculoma 
and infarcts are usually present in stage II and stage III of 
TBM disease. Most of our patients were diagnosed in 
TBM stage I, so tuberculoma and infarcts were less 
common in this study. Brain edema was the most 
common finding because of the early presentation of 
majority of TBM patients in this study. Imaging studies, 
especially MRI has an important role in diagnosing TBM, 
because clinical diagnosis is often difficult.7 
 
Spinal tap carries the risk of tonsillar herniation in patients 
with raised intracranial pressure. Tuberculin skin testing 
also has limited value because patients vaccinated with 
BCG also turn out to be positive. However, in spite of the 
associated risk, the procedure of spinal tap must be 
performed for diagnosis of TBM.8 CSF finding in this study 
revealed raised protein in 80%, low glucose in 91.8% and 
lymphocytic pleocytosis in 97.27%. Almost similar values 
for CSF analysis have been reported in another study.9  
 
Adenosine deaminase levels in CSF (CSF ADA) greater 
than 6 strongly suggest the diagnosis of TBM. Most 
guidelines for diagnosis of TBM agree on simple CSF 
analysis such as low glucose, low protein and presence of 
lymphocytic pleocytosis. But this investigation has 
limitation when antibiotic has been already given. 
Therefore, adjuvant MRI brain can diagnose the TBM 
earlier.10 In this study we attempted to diagnose TBM in 
early stage to avoid lethal complications like 
hydrocephalus, hyponatremia, cranial nerve palsy, stroke 
and death from TBM, and to start disease eradication by 
ATT therapy. 
 
MRI brain is not available in primary- and secondary-care 
centers, so physicians should refer the TBM patient to the 
tertiary-care center for CSF analysis and MRI scan for 
early diagnosis and to prevent lethal complications of the 
disease. In this study, we carried out MRI brain in all 
patients with clinical suspicion of TBM presenting with 
non-specific symptoms and were able to diagnose TBM in 
stage I in 90% of our patients. Computerized tomography 
(CT) findings in TBM do not corroborate the clinical 
presentation, while MRI has the potential to diagnose with 
more sensitivity than CT scan, especially in detecting 
basal enhancement and infarcts,11 both in brain and 
spine.12,13 Therefore MRI is superior to CT scan for 
diagnosing TBM.11 Rapid diagnoses of TBM is crucial and 
delay in diagnosis is associated with poor prognosis. 
Laboratory diagnosis of TBM also has low sensitivity, so 
early MRI brain is mandatory because once the 
neurological symptoms are advanced and patient 
presents in coma or with neurological deficit, then 
diagnosis is obvious, but the prognosis is poor. According 
to WHO “End TB strategy” program, 80% reduction in TB 
incidence by 2030 and 90% reduction in TB-related 
deaths can be achieved through early diagnosis (e.g. CSF 
analysis, MRI etc.) and appropriate treatment (ATT).14  
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Meningitis is most common in children15 and adolescent 
mainly due to hematogenous spread with the primary 
focus mostly present in the lungs. JPMC is a public sector 
hospital which caters to the treatment of adult population 
while children are referred to the nearby National Institute 
of Child Health (NICH). Therefore, we excluded children 
from our study, which was also a limitation. Another 
limitation was non-availability of diffusion weighted MRI, 
which can detect infarction in hyper acute stage.  
 
C o n c l u s i o n  
Both MRI brain and spinal tap with CSF analysis played 
a role in the early diagnosis of TBM, which is important 
to prevent the lethal complications associated with late 
stage disease. 
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